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A model for the assessment of the animal
disease risks associated with the importation
of animals and animal products

RS.MORLEY *

Summary: A simple mathematical model to assess the disease risks associated
with the importation of animals and animal products is presented. This model is
dependent on the animal heaith and disease statistics reported by the Member
Countries of the Office International des Epizooties (OIE), and provides a
siructured approach to using information about a particular imporiation. The
model can incorporate any number of determinanis: these may be related to the
animal health siatus of the exporting country. the commodity (whether animal
or animal product). the properties of the disedse agent and the epidemiology of
the disease. All disease risks can be considered. Examples illustrate the model
with respect 1o the importation of catile, swine and related products.

KEYWORDS: Animal importation - Model - OIE Lists A and B diseases —
Prevalence - Risk assessment.

INTRODUCTION

The importation of animals and animai products always involves a degree of disease
risk for the importing country. One o several diseases make up this disease risk.
Regulatory officials responsible for import programmes require an objective,
repeatable and defensible method of assessing these risks. Because multiple disease
entities are involved in each import decision. the method must be easy to apply. The risk
assessment outpul must be straightforward and transparent to every party influenced by
the import decision. The demand for the importation of a large variety of animal
products requires a rapid process. However. more importantly, the method employed
must not jeopardize the health status of the importing country.

The exclusion of an animal, animal product or by-product due solely to the presence
of a disease in an exporting country is no longer a defensible policy. Application of such
a policy would ignore the progress which countries have made in the control and
confinement of a disease, and fails to consider the competency of the Veterinary
Services in ensuring a safe product. A policy of exclusion ignores the survivability
of disease agents within products. the modes of transmission of disease and the means
of exposure of the disease in the importing country.

* Agriculture Canada. Animal and Plant Health Directorate, P.O. Box 11300, Station H.
3851 Fallowfield Road. Nepean K2H 8P9. Ontario. Canada.
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A risk assessment is dependent on information. This includes such data as the discase
status of the exporting country. the nature of the disease hosts. the modes of transmission.
Ihe vectors, persistence of infection. and agent survival in animal products and by-
products. The accuracy of the animal disease statistics depends on the competency of the
Veterinary Services and the discase surveillance system. The confinement of a disease
to a particular area is important. as the animals and animal products for export may
originate exclusively from disease-free regions or zones. Therefore. itis understandabie
that importing countries consider not only risk assessment inimport decision-making but
also the assessment of the Veterinary Services. disease surveillance systems and disease
regionalization of zONiNg Programmes.

The objective of this paper is to portray a quantitative risk assessment method 1o assess
the likelihood of disease risks associated with animal or animal product importation.
This method is dependent on the animal disease statistics reported by the Member
Countries of the Office International des Epizooties (OIE).

DEFINITIONS

General terms
Agent: an organism associated with the epidemiology of OIE L

rt umit (ATU): @ live animal or a specified weight of product.
considered for

ists A and B diseases.

Animal impo!
Commodity: an animal. animal product or animal byv-prodict being
import.

and magnitude of an adverse event (i.c. the entry,

Risk: a measure of the likelihood
the importation of a commodity).

establishment and spread of a disease agent through
Risk amalysis is an inclusive term for the following:
a) Risk assessment: the process of identifying. estimating the statistical probabilities and
evaluating the consequences of all risks associated with the imponiation of a commodity.
a: the process of relating (he risk assessment results to the

b) Risk communicatio
industry and 1o the public.

regulators of the import programmes. [0

¢) Risk management: the decision-making process of ideniifving and implementing
measures which can be applied 1o reduce the risk and document the final import decision
Transmission of infection

Ditect transmission: direct and essentially immediate ransfer of an agenttoa receptive
portal of entry through which animal or huaman infection may take place (68). This may
occur by direct physical contact (e.g. trichomoniasis. rabies). contact with infected
excretions and secretions (e-g. bovine brucellosis. leptospirosis) or contact with
vespiratory droplets (e.g contagious bovine pleuropneumonia).

Indirect transmission can take place in a number of ways. as follows:

g) vehicle-borne: transfer of an agent o a receptive portal of entry (particularly the
gastrointestinal ract) via the contamination of bedding (e.g. foot and mouth diseasel
surgical instruments fe.g- iatrogenic transmission of anaplasmosis), feed (e.g. pork mesl
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scraps fed 1o swine and iransmitti
itting hog choler: ; 7 i
seraps fe i a) or any malerial y whi
mgav ' ;ﬁeﬂl(:::seonrd qm_i introduced 10 a susceptible am'r:alo c:ro ,’”It’f’-i e
3 b ave multiplied or developed in or on the vehicle (68 ;;m;g)ne aeent

b) vector-borne transmission is of three kinds:

- chani C carriage on the exterior or in the proboscis of an
me cal Of an agent h

}.4 8 exfe P
arthy ﬂpﬂd. 0 b.‘ passage Of“ll agen! thr Ollg“ the gasuomlesmml {ract GJ the arthr ﬂpfad

Multiplication or developi
licatior ment of the i i
transmission is equine infectious anaelangi:m s ot required (68, 53): an examle of such

- biological: i e
iological: a vecior (arthropod) in which an agent undergoes either a necessary

pari of its life cvcle or multiplicati
f i | icat 1177
pabeof iis life cvele or plication before transmission (68, 95), as occurs wiith

¢) sir-borwe: transmission of particles, .
air and ! % pa consisting wholly or partly of the agent
95): lm’;’:gm”g)‘;’ﬁgdum_ . The portal of entry is mllitli respirat I’V:::Cgth gg
X mouth disease (23) and Aujeszky's di  respiratory (68,
H isease in swine (88).

- . . O
Host: a person, animal, bird or arthropod which is or can become Hlf('(’td with and

Primary (zatural) host:
lape i ] intai
cxample, oy choat i Swm: rson or animal which maintains an infeciion (102); for

y host: a species which i it
buti o ich is additionally involved i ) . .
is not the principal source of infection (102); f; , f-rﬂ":;lg‘: T}Z;'z';f;:,;f; ::; iflfeau’m
N in cattie.

Definitive host: g term r TV or parastic in ons io cribe a person or imal
e3e) Cdf parasl lf(dl 10 des. or an

in which the agent unde i
nfectiom of mage rgoes sexual reproduction (102); for example, Taenia saginata

Intermediate host: a term reser I'fdfﬂl parasilic lnf((lTOliJ to describe a person or animal

in which the agent develo
o e agen devel ps only (o a larval stage or asexual state (102); for example,

Carrier: a person or anim ?

( ; al which harbours an a 4 i

:i] vt;l::eigon erslo shows no _dinical di.\:ease (79). “lncil;:: tz':‘; g?rie:r‘:‘i‘s' ﬁ:"f; m?’ nation

~mnvales|c):m cg?.—g—"ai’:‘mﬁls _clt;nng the incubation period of a diese::;g“atlﬁn
n plies infection persisti i iod. This

carrier state may occur throughout the disc':;e w;l:i‘::;l:i;l‘gﬁ;::;‘;nry period. This

Latent infection: a isting i ]

: : a persisting infection withi i i

ofien with in the host without :

it ils aogla rfaerrlr;zn;;nble presence of the agent in blood, secr::;u.crl:)"rlzi:j ';;mu b

considerably lons "me\\;elgrzl)l‘hrzrosl an(: replication of the agent for wh:l 2::: (tf)a
f ) N exam i i i

chotera infetione i mine olowing reco;::r,;kfncan swine fever virus and latent hog

EVENTS AND THEIR PROBABILITIES

Followi i i i
ollowing the importation of one animal import unit (AIU) - whether this i
consists

of a live animal or a product equi ent -
P qui valent - the fO“()\\lI‘Ig events or states of nature result
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A — the AlU is infected with the agent

B - the agent survives commodity handling. treatment or in-transit time

C - the commeodity is exposed to susceptible animals or man

D - the agent is exposed o a portal of entry and is transmissible via a mode of
transmission

E - the agent induces infection (entry and development or multiplication of the agent)

F - the infection induces disease

G - disease spreads

H - disease is detected.
eneric set of events. which will differ according to the particular
epidemiology of each disease. For example, anaplasmosis and babesiosis involve
vectors. cysticercosis involves more than one scenario of exposure related to the
definitive and intermediate hosts. and humans may be involved in the transmission
of a disease agent from animat or product to animal. In addition. there are many factors
involving the agent. susceptible host and environment. Agent factors include the
infectivity of the strain of agent. the ability of the agent 1o produce disease
(pathogenicity). the virulence or severity of the disease produced by the agent.
the immunogenicity and antigenic stability of the agent. and the viability of the agent

in the environment. However. for the present purpose. the list of events is an adequate
generalization. On the basis of the available scientific evidence. the probabilities of the

events occurring are determined as follows:
P(O) = probability that a discase outbreak occurs following the importation of one
AIU of the commodity
= P(A) x P(BiIA) x P(CIANB) x P(DIANBAC)X .. X P(H!AanCnDnEnFr\G).

This is a g

In words. these probabilities are as follows:

P(A) = probability that the AlU is infected with the disease agent (i.e. the
prevalence of the disease in the exporting country)

P(BIA) = conditional probability of the survivability of the agent.
is infected

P(C!ANB) = conditional probability of exposure of the commodity 1o susceptible
animals or humans, given that the AlU is infected and the agent survives in the
commodity

P(DIANBNC) = conditional probability that the agent is transmissible via the mode
of transmission. given that the AIU is infected. the agent survivesin the commodity and
the commodity is exposed to susceptible animals or humans

given that the AlU

etc.

roup of n AIUs is considered. P(O) is not obtained
1 conditional probabilities. but through a computation
The assumption is made that infection within the
of the AIUs is infected at the port of entry.

When the importation of a g
as a product of a prior and severa
based on the binomial distribution.
importing country is possible if at least one

P(O) = P(at least one AlU is infected at port of entry and disease is detected)

= P(1nX) = P(1)x P(XiD)
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where:

P(1) = probability that at least one AIU is infected at the port of entry

P(XII) = probabilit
) @ y that exposure, tr ission_ i f .
detection occur, given that at least one AlLfi';sir:fles:::; ;l:n;:;:tt:;r:nf:;e ase and disease

P(I) =1-P(I)= 1 - P(no AIUs are infected at port of entry).
The above events and their probabilities provide the basis for a risk assessment model
n .

QUANTITATIVE RISK ASSESSMENT MODEL
Unrestricted risk assessment

A si .
am?;:zslt:w::l:cn?allcal model can estimate the probability of a disease ri
ooy n importation, This medel does not evaluate the m o o
peoray hcor_nponenl 9[ risk and risk assessment. The unrestricted ri it
comm"gdaﬁt ¢ risk associated with the importation of a commod?l e :‘llma(e
o z;rkn 'E!he word “unrestricted™ represents the risk I:le'r.)re);(::‘el t'c o
Fm)‘:essmg.)[rhe GCRECLIE:S?:::?)T;};M :sd diagnostic testing, quarantine ancd 'tl':lgrtab:‘:
€ product of two ili
of agent entry (PAE) and the probability of domestic exp‘:::::?;’lgg)s. the probability
URE = (PAE) x (PDE) . (expression
A risk reduction option red ] )y .
o sk re no uces either the PAE or the PDE, de, i i
cﬁmgtnnzn;i:'hrs n;l:r)k management tool results in the compulali(;’: Z(:Tfezt“r::e gol *
L gepending on the measure, this can dramatically reduce the risk esl?m;::k

Probability of agent entry

The PAE is the probabili
infected, e probability that at least one A1l of the comimodity importation js

In expression 2 below. CF1 1
g epresents the N
and 5 AlUs the number of 3ﬂima{|)impor( unil:)un"y factor. CF2 the commodity factor

PAE = 1- (1- CF1 x CF2) =an»
The part of the expression withi pone o
tg ithin parentheses (wi
the probability that no animal imporﬁ.mits are ing:ll::ilhe cx i ALUS represents
The PAE for a specified i -
L ber of animal i i i mod
e : fied numbe imal import units of rt ity i
brob ::illii?ésa:: l:l[zﬁr:i:lg.co::'mr_les. while the PDE incorporaal‘:; l':eﬂ:\:e;ol:‘and l';::::
in the importing country. | i i (
Pronabd n [4 ry. In all importin
exposure and (most certainly) the associated pmbabii’i‘:ies afeccfl’ilflf:'l:::. these

Commtry factor

In the quantitative risk assessment i
and e i i .ol' animal commodity importati
'-ponatiozz il:z:vs;‘;n thfc exporling country are kcyyelelzznis.w;(.):h:cg;&::m
o7 por spccicg. Co“cmnegdep the prevalence of infection in the population of animraglc
e ot ranecrne 1s essential. However, for importations of small quantiti ;
kaowled prevalence in a single herd. a group of herds, or animals reqare:iI llxs:lsg
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a particular region may be more appropriate.

nce of a disease may be quite different to the
prevalence in herds. groups of herds or regions. However. the OIE disease reporting
rting. Importing countries assess the risks associated

system is based on country repol
with an importation based on the disease status of the entire exporting country.

a particular type of husbandry orin
Qbviously. the country-wide prevale

rtation of cattle. swine and related products

In this paper. examples of the impo
ppendix to this paper represents

portray the quantitative risk assessment model. The A
the Animal Health Statistics and Disease Control Methods table of the OIE publication

World Animal Health in 1992 for a fictional country called “Country A™. indicating the
1992 animal populations and number of herds and disease statistics for diseases
affecting cattle and swine in the country. These data illustrate the numerical

computations.

List A diseases (excluding bluciongue)

Calculated prevalence can be determined as a product of the number of outbreaks in
the previous 12 months. the average herd size (AHS) and the average duration of
infection (ADI) over the denominator of the number of animals in the population:
{No. of outbreaks x AHS x ADI)

Population
fection (disease) within a herd: this i
I Health Code definition. The AHS

ber of herds: these data are
AHS of 271 cattle and

Calculated prevalence = (expression 3).

An outbreak is defined as the occurrence of in
less inclusive than the O1E International Anima
is estimated by dividing the livestock population by the num
reported annually to the OIE. In this example, Country A has an

371 swine.

The ADI can be estimated with the e
in cattle and swine as presented in Table L.
following:
a) the maximum and minimum duration of the incubation period (IP)

rameters of the disease

pidemiological pa
f the ADI is based on the

The computation o!

b) the maximum and minimum duration of the disease course {DC) over all forms

imum and minimum case fatality rate (CFR)

c) the maxi
n of surviving animals which become latently infected (LIS)

d) the proportiol

¢) the maximum duration of latent infection (latent period: LP).

The uniform distribution is use
distributions of incubation period
with the case fatality and latent in
simulation of a computer software programme
New York. United States of America}. Where on

are employed.
The computation may be expressed as follows:
(IP+DC) x (CFR) + (IP+DCY x (1-CFR) x (1-LIS) + (LP)x (LIS).
For hog cholera. the number of days post-infection includes the incubati
and the disease course.

d to represent each of these variables (83). The two
and disease course arc aggregated and integrated
fection distributions using the Latin Hypercube
(@Risk, Palisade Corporation. Newficld,
ly point estimates are available. these

on period

TanmLe |

Average duration of infection estimated by the epidem lological

es List A diseases in cattle and swine

parameters of nine Office International des Epizooti.

Hog
cholera

Lumpy  Rift  African
pleuro. skin Valley  swine
pneumonis disease  fever  fover

Contagious
bovine

Swine
vesicular Rinderpest

disense

Vesicular stomatitis

Foot and mouth
disense

Parameter

Cattle i i
Swine Swine Cattle Cattle Cattle Cattle Swine Swine

Swine

Cattle

Species affected

1428 051 515 2.6

1-5

21-42
50

1.7 2-8 12 1-3 2-14 39

2:20

Incubation period (days)

5100 98-100

()
3090 510

0

2-20

Case fatality rate (%)

Disease duration

$(PI)
10-20 (P1)
20-29 (P1)

- Peracute form {days)
- Acute form (days)

- Subacute form (days)
- Chronic form (duys)

510
21-28

14 14-21 12 721 1 "
12221 )

34

411

Jo(PI)

30-120

180-730

]

0

180-1,098

0

0

180

Duration of latent
infection (days)

100

100

25

100

50

Survivors latently
infected (%)

19

230

56

120

17

26

16

28

Average duration of
infection (days)

@ @n @7 @7 @B

(23)  (23.%) (23.31)  (23,60) (23,94)

(23.78)

References

11y 110) 108) 106)

51,91)
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In some countries where the disease is enzootic. mortality may be very low and the
proportion of latently infected animatls may be very high. This is in contrast to epizootic
situations where the reverse may occur (i.e. high mortality and low level of latent infection).

The ADI for contagious bovine pleuropneumonia is 120 days (0.33 years) (Table I).
The reporting of 10 outbreaks of contagious bovine pleuropneumonia during 1992 by
Country A (Appendix) gives a calculated prevalence of (10 x 271 x 0.33)23.212325 =
3.9 x 10-°. Similarly. for hog cholera. the 86 reported outbreaks and the ADI of hog
cholera of 19 days (0.05 vears) gives a calculated prevalence of (86 x 371 x 0.05)
26.850250=59x 10-%.

Obviously. the AHS is a crude statistic based on country-wide estimates of the population
of animals and herds for a species. Despite this. the computation of the prevalence
based on the number of oulbreaks - rather than the reported number of cases -
provides a greater level of security for the importing country. Here. a herd outbreak
implies that all animals within an outbreak herd are diseased. This security may justify
the use of the crude AHS statistic.

List B diseases and bluetongue

A number of these discases are notifiable in Member Countries of the OIE. Some
countries reporl the number of outbreaks and the number of cases and disease control
statistics for these notifiable diseases. However, for the majority of diseases. only
a nominal measure of disease prevalence is indicated.

Under the “Occurrence” column of the Animal Health Statistics and Disease
Control Methods table of the OIE publication World Animal Health_an indication
of either incidence or prevalence is given. depending on the disease. The incidence
of rabies cases. bovine spongiform encephalopathy (BSE) cases. anthrax outbreaks
or cases. and screwworm outbreaks are often used to subjectively assign a level
of disease occurrence. In the same column. knowledge of the serological or abattoir
prevalence of other diseases is used to indicate the level of disease occurrence. In order
to assess these discase risks. a single numerical measure of disease occurrence
is necessary. i.e. prevalence of infection. This permits consistency in the reporting
of disease occurrence and the reporting of the levels of infection, and also gives a
measure of the level of infection of these diseases ona comparable basis.

The natural history of a disease is influenced by control and eradication programmes
instated by the rearer of the animals and by national and sub-national governments. The
Jevels of disease obtained within a herd. region or country are thus often less than would
exist if the disease were allowed to spread naturally. In each country. the conditions of
control. management. husbandry and environment influence the prevalence of the
disease. Using the scientific literature to illustrate the dynamics of the interaction
between the disease and control. one can obtain a numerical range of prevalence. This
can then be correlated with the reported disease occurrence levels: exceptional. low
sporadic. enzootic and high.

The three other disease occurrence designations can be assigned to the “exceptional”
level of prevalence. These are as follows:

- suspected but not confirmed
_ serological evidence and/or isolation of causative agent: no clinical disease

_ disease exists: distribution and occurrence unknown.

U3

Depending on an evaluation of the Veterinary Services, an importing co
L " ) . untry ma
desire to assign a higher level to these less descriptive designalions.p0 ® ymy

T!|e most expeditious and comprehensive source of prevalence information is the
publication Am‘fnal Disease Occurrence. This is an annual annotated bibliography of the
Cenm? for Agriculture and Biosciences International (CABI) Information Services.
For this paper. the most recent six years of this publication. 1986-1991 (28). provided a
current and thorough indication of the range of disease prevalence on a global basis.

The criteria for selecting abstracts are as follows:

a) Select abstracts (country disease reports, slaughter statistics, and reports
of surveys and serological investigations in endemic areas and of control and
eradication programmes) where prevalence and the number of animals tested
or examined are indicated.

b) _Qmil studies involving the investigation of discase levels in animals or herds
exhibiting or suspected of disease, and in specific breed or husbandry groups.

¢) Select only the most recent annual disease reports in any country.

dj Omit any abstracts in which the prevalence is not clearly indicated or where the
numbers of animals tested or examined is less than 100. With respect to the latter
criterion. for some countries where the animal population is small or the abstract is
considered useful because of its geographic origin. these abstracts are used.

¢} Select abstracts limited to one or two diagnostic methods for any one disease. For
cxamrf_lc. for aI::lplalsmosis. babesiosis and enzootic bovine leukosis, only abstracts
reporting serological findings (seroprevalence) are used. rather than both i
and blood smear survey statistics. " serological

_ The range of prevalence observed globally is used to indicate the exceptional and the
high level of disease prevalence. Points between these two values (quartiles) are
correlated to low sporadic and enzootic. Seroprevalence, slaughter prevalence, and
prevalence of parasitaemia, lesions and disease represent surrogate measures
of prevalence of infection. The extent to which these measures approximate
the prevalence of infection in the animal population of a country varies with the disease
lI!c measurement tool and the subset of the population which is surveyed. With some‘
d|sca§es. the level varies considerably with the time of year. related to the climate
(specifically the vector season) and husbandry.

The_seroprevalence of anaplasmosis. babesiosis, brucellosis and enzootic bovine
leukosis may provide a good measure of the true level of infection in cattle over six
months of age. whereas the seroprevalence of bluetongue (48) and infectious bovine
thinotracheitis (101) may overestimate the prevalence of infection to a considerable
degree. These measures are usually obtained on a definite subset of the population
such as breeding animals, slaughter animals or culled breeding stock. Despite thesc‘

deficiencies. the surrogate measurements give the best available indication of the true
infection level.

Wilh. abstracts which report more than one prevalence — usually because of surveys
of mulhple. regions in a country - the highest prevalence value is recorded. Table 11
presents this correlation of disease occurrence and prevalence levels.
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Tame Il

Upper prevalence levels for each nominal level of disease occurrence .
of the Office International des Epizooties (OIE) List B diseases of cattle and swine

Di Spec OIE disease sccurvence designations
Exceptional  Low sporadic Eazestic High
Bluetoague ¥ Cattle 9xi0? 2x 10! Tx 10! 9x 10!
® Cattle 1x10°° 1x10°6 3x10¢ 4x10®
Anthrax Swine ND ND ND ND
Aujeszkys disease ) Cattle ND ND ND ND
’ Swine 2104 2x10”! 5x 107! 6x10°!
Echinococcosts/ Bovine 1x10-¢ 8x 102 2x 107! 3Ix10°}
hydatidosis <) Swine 1x10°4 1x107! 4x10°! 6x10°!
Heartwater ® Catcle 3x10°® 1x10-3 4x10°° Sx 105
RN Bovine ax107? 2x10°! 6x10°! gx 107!
Leptospirosts Swine 3x10°% 2x 107! sx1!' 6xI10!
) Cattle 2x10°® Tx 10 2x10°* 3% 103
Rabies ™) Swine ND ND ND ND
Paratuberculosis -4 Bovine 8x10°? 2x 10! 6x10! 8x 107!
Screwworm ) Cattle ND ND ND ND
Qfever™ Bovine 3Ix10°2 1x10°! 3xi0! 4x 10!
Anaplasmosis @) Bovine sxi0? 2x 10! Ix10°! 9x 10!
Babesiosis *) Bovine 1%10-2 2x107! 7x10! 9x10°!
Bovine broceflosts . 5 I 1 \
(Brucetla sborag)® B 1x10 1x10- 4x10° 5x 0
Bovine genital . 2 1 \ !
o cterioss(®  Bovine 9x 10 1x100 2x 10 Ix10
Bovine (uberculosss 5 7x10°2 2x10' 3Ixlg
(Mywbaminbmn)"’nmm 1x10° x
Cysticercosis 5 1 1 1
(é“. povisyl BvDE X100 1%10- IxI0 4x10
Dermatophilosis ) Bovine 3Ix10°? 2x 0t 4x10! 6x 107!
Enzootx bovine 1 1 ] 4x10°!
Jeukosis @) Bovine 2x 100 1x10- Ix1or x
Hacmorhagxc Cattle 1x10°? 8x 105 2x1004 Ixigd
septicacmia
Infectious bovine . ? 1 ) 1
hieeracheits Bovine 2x 100 2x10° 5x10- %100
Theileriosss * 9 Bovine 2% 107 4x10! 7x 10! 9x 107!
Trichomoniasis 4} Cattle ND ND ND ND
Trypancsomiasis (* ¢ Bovine 6x 10! 2x 107! 5x10°! Txi0r!
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TARLE H (contd)
Di Spec OIE disesse eccwrrence designations
Exceptional  Law sporadic Enreetic High
Bovine malignant  Cae ND ND ND ND
Bovine m“,l',‘ Cattle ND ND ND ND
Atrophic rhinitis©)  Swine 1x10°2 2x10°! 6xI0!  8xI07!
&”‘m“)k, Swine 9xi0°’ 5x10°? 2x10t 2xi0!
oo oSS swine axie- 6x102 10! 2x107!
T"“”@!‘dm(,, Swine tx10°2 9x10-2 I 3xigt
Trichinellosts (.©) Swine Ixio® Ix 102 4x10? 5x 102
. _Fglru_-!m-dtdloasinyugi 3) seroprevalence
ND: insufficiest or no data b) disease prevalence based on incidents

<) prevalesce
d) prevalesce of kesions, patasitacmia, solation of orgasism
€) tuberculin test reactor rate

Multiple agents exist for protozoal and rickettsial diseases of cattle, and concurrent
infections can exist (as occurs with multiple serovar leplospirosis infections). Prevalence
figures for these diseases therefore refer to prevalence of infection with one or more
agents. The causative agents associated with each of these discases and for which
disease prevalence information is pertinent are as foliows:

Trypanosomiasis:

Theileriosis:

Babesiosis:

Anaplasmosis:

Trypanosoma brucei
T. congolense

T. vivax (71,99)
Theileria parva

T. lawrenci

T. annulata

T. mutans (47,71)
Babesia bigemina

B. bovis

B. divergens

B. major (23,71)
Anaplasma marginale
A. centrale (23,71).

Insufficient data were available for estimation of the prevalence for rabies in swine,
Aujeszky’s disease, screwworm, trichomoniasis, bovine malignant catarrh and BSE
in cattle. Only a few countries reported cases of BSE during 1991. Based on the section
of the cattle population over two years of age, annual incidences of between 3.0x 107
and 3.2 x 10~ 3 were observed (the upper value represents a 1990 incidence) (5). Bovine
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malignant catarrh is sporadic in occurrence, recurring at intervals over many years (8?).
This may explain the paucity of reported outbreaks for this disease. Rabies in pigs
is rare (8) and Aujeszky's disease in cattle is only seen where cohabitation with swine
exists. There is no evidence of inter-bovine transmission of Aujeszky's discase (82).

Screwworm myiasis caused by Cochliomyia hominivorax occurs in the tropical and
semitropical regions of the Americas (34). but few reports of cutbreaks or surveys exist
in the current literature.

Trichomoniasis of cattle caused by Tritrichomonas foetus is now a rarity in many
countries. probably due to the use of artificial insemination (86). Only a few reports
exist in the literature, relating to surveys of bulls.

For anthrax. heartwater, rabies and hacmorrhagic seplicaemia. the minimum and
maximum prevalence are estimated from the annual incidence (cases or deaths)
reported by OIE Member Countries. This parameter and the AD1 are used to compute
the minimum and maximum prevalence (Table 11I). Intermediate values are computed
as with the other disease entities. Few reports of these diseases exist in the literature.

TasLe HI

Average duration of infection and maximam and minimum incidence of falr.
Office International des Epizooties List B diseases for which prevalence estimation
is based on the reported number of cases/deaths

Anthraz®®  Heartwater® Rabies ® 'ocmerrhags

Parameier
Species Caitle Cattle Catile Catile
Incubation period (dayy) T-14 121 B-75 23
Mortality (%) 100 50-100 100 90-100
Duration
- Peracute form (days) 0.04-0.08 1 - 1-2
-~ Acute form {days) 1-2 [ 6-7 25
- Subacute form (days) - - - -
- Chronic form (days) - - - _
Duration of latent infection (days) 0 0 40-240
Survivors latently infected (%) 0 0 0 100
Average duration of infection (days) 12 18 62 12
Reported number of cases/deaths

(1991) . s
- Minimum incidence 47x10-% 52x10°7  1LIx1077  58x10°
- Maximum incidence 14x10-4 94x10-* 16x10°* 10x10~2
References (23) (30) 9) (46)

2) incidence computed from the annual number of cases and the total catile population reported for 1991

b} incidence compated from the annual nomber of deaths and the total cattie population reported for 1991
) haemorrhagic septicaemia in buffalo was assified s cases in cattle; this overestimates the prevalence m
catthe a5, in some cosntries. the miorilyolmanddulhsocminbuﬂa\o (46)

Commeodity factor

The commodity factor (CF2) is an estimate of the probability of the agent being
present at the time of import.

Younger animals are less likely to be infected with most diseases. Certain breeds
of animals are less susceptible to infection, such as the lle de France breed of sheep
which exhibit less susceptibility to maedi-visna infection (65). These determinants (age
and breed) have a definite impact on the level of risk associated with an importation.
The importation of young animals almost always produces lower risk than with animals
from the general population.

Concerning the importation of meat, meat products. milk and milk products — which
represent the vast majority of the trade in products of cattle and swine —~ other
determinants exist. These are related to the epidemiology of the disease, the agent, the
product properties and the processing involved in preparation of the product.
Transmission and agent survival studies indicate the presence or abscnce of agents
in various products, and the CF2 and its component determinants are deduced from the
reported findings.

The OIE Lists A and B diseases of cattle and swine which are generally of concern
with product importation are foot and mouth disease, swine vesicular discase. hog
cholera, African swine [ever, anthrax, echinococcosis, bovine brucellosis, bovine
tuberculosis. Q fever, bovine spongiform encephalopathy, cysticercosis, enzootic bovine
Icukosis, transmissible gastroenteritis and trichinellosis.

Sowrces of information

The following represents sources of information which are useful for determining the

CF?2 associated with the importation of meat and milk and related products.

Meat and meat products
Reviews
- foreign animal disease agent survival in animal products (13)

- viruses in products of food animals (14, 18)
- meat and meat product importation (72).

Foot and mouth discase
Reviews

- persistence of foot and mouth disease virus (FMDV) in animals, animal products
and the environment (36).

Epidemioiogy

- persistence of FMDYV in beef and pork (93)

- presence and persistence of FMDV in bovine skin (53)

- sites of virus persistence and multiplication in the carrier animal (24)
— sites of pre-viraemic localization and multiplication (27).

Products and processing

- survival of FMDYV in fresh and stored beef carcass meat (37, 38)

- inactivation of FMDV by pH and temperature changes (7)

- FMDYV and meat processing (92)

- thermal processing at 69°C (75)

- international trade from FMD-infected countries (22)

- electrical stimulation on pH and survival of FMDV in meat and offals (3)
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— Parma ham (77)
- ingredient effects on the thermal inactivation of FMDV in formulated,

comminuted meat products (20)

— total caloric input of a thermal process for ground beef (19)

- Natian salami (84)

- effects of heat. irradiation and pH on infectivity (69)

~ persistence of FMDV on meat-packaging materials (54)

— persistence of FMDV in meat products (93)

- effects of heat. freezing/thawing, salUcitric acid curing and curing salts on FMDV

infectivity (61).

Hog cholers

Epidemiology
- transmission and pathogenesis (42, 58, 106).

Products and processing

- cooked and uncooked smoked ham and sausage casings (62)
- thermal processing at 69°C (75)

~ brined hams (74)

— cooked canned hams (74, 100)

- dried salami and pepperoni sausages (74)

— ham muscle, fat and bone marrow (93)

- Parma ham (77)

- Italian salami (85)

— tissue distribution of agent (109).

African swine fever

Epidemiology

— transmission and pathogenesis (108).

Products and processing

- dried satami and pepperoni sausages. brined hams, heated hams (74)
- Parma ham (77)

~ thermal processing at 69°C (75).

Swine vesicular disease

Epidemiology

- pathogenesis (60).

Products and processing

~ survival of the agent in carcass meat (44)

~ dry salami, pepperoni sausage, intestinal casings, cooked canned hams (13,73,74)

— Parma ham (76)
— survival of the agent in organs, tissues, sausages. salami and mortadella (52)

— thermal processing at 69°C (75).
Anthrax

Epidemiology

— pathogenesis (23)
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- survival of organisms and spores in the environment, meat, milk. hair, wool and

hides (81).
Products and processing
- bone meal (43).
Echinococcosis (Echimococcns granalosss)
Epidemiology
— transmission and source of infection (1).
Cysticercosis (Cysticercus bovis and C. cellulosse)
Epidemiology
~ zoonotic cycle (6, 64, 96)
~ human heaith and livestock production (49).
Bovine spongiform encephalopathy
Epidemiology
- transmission, tissue distribution (4, 5, 67).
Products and processing

— restrictions on trade and use of meat-and-bone meal (3]
— non-detectable infectivity in carcass meat (5).

Trickinellosis

Epidemiology

~ zoonotic cycle (1, 97).

Products and processing

- inactivation of the trichineltosis parasite (103).
Transmissible gastroenteritis

Epidemiology

~ distribution of virus (57)

- persistence o(vm:s in lung and small intestine (104)
~ oral transmission using carcass meat of acutely-infected swine (35, 50).

Mik snd milk produwcts

Reviews

- f?reign _animal disease apent survival in animal products (13)
- viruses in products of food animals (14).

Foot and mouth disease
Reviews (29, 36, 63)
Epidemiology

- the role ofn}ilk in the transmission of FMDV during outbreaks (45)
- FMDV replication in the mammary glands (16, 17, 26, 66)
- the presence of FMDV in the milk of incubatory carrier animals (25, 59)
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. . Animal import units
_ non-detection of FMDYV in the milk of cows previously vaccinated after intranasal

challenge with FMDV (70). The number of units imported significantly influences the PAE. As the number

Products and processing

_ survival of FMDV in cheese (10) _

_ inactivation of FMDY in vltra-high temperature processed milk (41)
— effect of pasteurization and evaporation on FMDY in whole milk (66)

_ effect of heat on FMDYV in skimmed milk. cream and pelieted cellular debris (15)

_ heat treatment of FMD V-infected milk (107)

- persistence of FMDV in butter and butter oil (11)

~ FMDYV in whey constituents (12)

- persistence of FMDV in dried casein {40)

_ survival of FMDV in casein and sodium caseinate (39).
Q fever

Epidemiology

— transmission and source of infection (1).

Products and processing

- high-temperature. short-time milk pasteurization (2).
Borvine brucellosis

Epidemiology

— transmission and pathogenesis (1. 23).

Products and processing

— survival of Brucella abortus in butter, cream_milk and milk products (81).

Bovine ruberculosis

Epidemiology

— transmission and pathogenesis (1, 23).
Products and processing

- survival of Mycobacterium bovis in milk and milk products (81).
Enzootic bovine lenkosis

Epidemiology

_ transmission and pathogenesis (105).
Products and processing

- pasteurization (33).

Bovine spongiform encephalopathy
Epidemiology

_ transmission. tissue distribution (4, 5.67).
Products and processing

— non-detectable infectivity in milk (5).

of AlUs is the exponeni of expression 2, this has the most significant effect on the PAE.
As the importation increases in quantity, it is obvious that the chance of disease risk
increases.

A single animal of any species represents one AlIU for the species. An embryo or
a unit of semen can be considered as one AIU. Meat. meat products and other products
of animal origin are given a weight equivalency (in kg) for one AIU. The number
of AlUs represents the expected number of animals which have contributed to the total
weight of the importation.

The yield in kg of carcass organs, carcass portions, glands, hides and by-products
varies considerably. Breed, sex, age, live weight at slaughter and the amount of trimming
of fatty tissue and skin all influence the weights of carcass and offal. The difference in
weight between fresh or frozen and preserved products is often substantial. For instance,
salt curing of cattle hides gives a net decrease of approximately 15-20%, primarily due to
water loss (90). The trimming and preparation of carcass portions gives a wide variation
in the weight of the fresh or frozen product. A pork ham may exist in four forms (87):

- untrimmed {with only the foot removed)

— regular (with the tail-bone, flank and foot removed)

- skinned (with the foot, tail-bone, flank and half of the skin removed)

— skinless (as for skinned ham, except that all the skin s removed).

Tables 1V to Vil illustrate some of the variability encountered with organs, hides
and carcass portions of cattle and swine. In Table VIII, the carcass portions of swine are
representative of an 80 kg carcass and hence a wider range of portion weights will be
seen with the range of carcass weights encountered at slaughter. In estimating the
number of animals which have contributed to a certain weight of product, the product
must be fully described with regard to the average individual weight or the range
of weights for the individual product. This more accurately estimates the animal
contribution than using the fresh weights.

TasLE IV
Expected weight range of organs of cartle and swine
(%8) :

Amianal Live weight Orpan weight (kg)

e p Brain Heart Kidwey  Liver Tongee
Swinc H560 - 013018 012021 06309 011016
Swine 6075 - 018025 01302 115166 015021

Yearling caitle 200-300 023026 128147 064094 27M-480 150-1.75
Steers (ballocks)  300-500 028035 1.20-200 060-120 350-620 1.40-1.38

Cows 300-400 0.240.28 - 0580.78 3.00-460 138-1.49
Cows 450-600 - 1.90-2.40 1.00-1.60 4.00-8.60 -
Balls 450-550 032036 189206 080-120 5.18-640 157194
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TABEY
Expected weight range of, fresh cattle hides
(90)
Asimal type Hide weight (kg)
<41-241
g:: >24.1
<218->264
IS;:;r (butloct) 27.3->455
Tane V1
i dried blood
Estimated average yield of meat meal aud_ ¢
for animal feeds (in kg per 10,000 kg of live weight)
(90}
" Mest meal (meat and Dried blood
Asimal type bone mesl, tankagpe)
Cattle 27 ;
Caives 15
Hogs 10 5
Tase VI
Estimated average yield of glands of castie and swine for pharmaceuticals
(55)
No. of smimals required No. of glands required
1o produce 500 g to prodmce E T}
Ghand of fresh material of fimished prodect
1,100
Pituitary (whole, cattie) 199 .
Ovary (cow) 39 -
Ovary (sow) 50 .
Parathyroid (cattle) 243 h o
Suprarenal (cattle) 22 s
Pancreas (cattle) 2 o
18
Pancreas (calf)
Pancreas (pig) 11 I32.5CI;
Testis (bull) 15

Thyrowd (cattle) z

100.110
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TasLe VI
Expected weight range of fresh/frozen pork portions of an 30 kg carcass
(87)

Type of pertions Weight range (kg)
Regular hams (22-28% of carcass) 17.6-224
Skinned ham (17-19% of carcass)

(foot, tail bone. flank and half of the skin having been removed) 136-152
Shoulder (23% of carcass) 184

Trimmed shoulder (14-16% of carcass)

{peck bones, ribs, breast flap and foot having been

removed and one-third collar of skin left on the picnic) 11.2-128
Picnics (lower half of the skinned pork shoulder,

the ribs, neckbones and breast flap having been removed

and the foot cut off at the knee joint or onc inch above) 36->73
Boston butts (upper halves of pork shouiders) 36->73
Boneless boston butts 14->55
Trimmed bellics (14% of carcass) (ribs having been removed, skin on) 112
Untrimmed loins (20% of carcass) 16
Trimmed loins (14-17% of carcass) 112-136

The individual portion weight of carcass halves and carcass portions can usually be
considered as twice the weight in kg for a single animal contribution. If the average
weight of a pork ham product is 10 kg, the contribution per animal is 20 kg (two hams),
representing one AU If the range in weights for this product is 6.4-13.6 kg, one could
wse the lower value; 12.8 kg would therefore represent one AlIU. The latter method
overestimates the number of AlUs contributing to the overall weight of the importation.

Probability of ageat entry computed

Table IX indicates the PAE for four commodities being imported from Country A. The
CF2is essentially zero for all commodity/disease combinations where values are not
indicated. The computation of the PAE is based on expression 2 above. A PAE
of 1.00 indicates that there is 100% probability that at least one AIU is infected at the port
of entry. Tables Xa and Xb expand the computations for two disease risks associated with
the importation of a boneless ham product and the importation of breeding cattle.

For the importation of live cattle, the CF2 is considered to be 1.00. This is equivalent
to saying that the age group from which the importation originates has no influence on
the population prevalence. However, with the importation of beef half-carcasses and
livers, the CF2 for some of the discase risks is negligible, and zero values can be
employed. This is due to the pathogenesis and predilection sites of the agent, as observed
with contagious bovine pleuropneumonia (91). paratuberculosis (32) and bovine genital
campylobacteriosis (23, 86). With respect to the rabics agent in carcass meat importation,
the virus is assumed to be potentially present, although it has never been isofated from
meat (9). The CF2 for rabies virus in liver importation is assumed (o have zero value.



TasLe IX
Probability of agemt entry of four commodities Jrom Country A

Disessciagent cattle of beef of pork Evers
LOSATU SR ATUK 400000 ATU™ 20.908 AlU®©

Contagious bovine

pleurcpneumonia 4x107? - - -
Hog cholera - - 1.00 -
Anthrax 1x10% 8x107° - 2%1078
Aujeszky’s discase - - 1.00 -
Echinococcosis 1x1072 1.00 1.00 1.00
Leptospirosis 1.00 - - -
Q fever 1.00 1.00 - 1.00
Rabies 2x10°% 2x107? - -
Paratuberculosis 1.00 - - -
Anaplasmosis 1.00 1.00 - 1.00
Bovine brucellosis 1%107? 1.00 - 1.00
Bovine genital

campylobacteriosis 1.00 - - -
Bovine tuberculosis 1x10-2 1.00 - 1.00
Cysticercosis

( Cysticercus bovis) 2% 1072 1.00 - 1.00
Enzootic bovine leukosis 1.00 1.00 - 1.00
Infectious bovine

rhinotracheitis 1.00 1.00 - 1.00
Atrophic rhinitis ~ - - -
Transmissible gastroenteritis - - 1.00 -
Trichinellosis - - 1.00 -

a) 250kg =1 AIU AIU: animal import unit
b) S0kg=1AlU

) Skg=1AIU

The pathogenesis and mode of transmission of atrophic rhinitis (associated with
toxigenic strains of Pasteurella multocida) preclude pork as a source of infection (23)-

With respect to the products of catile and swine. it is understood that there is a time
delay - due to processing. packaging, storage. shipping and distribution - before the
target species are exposed in the importing country. This means that some diseases
which can be transmitted directly by contact with infected excretions and secretions do
not present a risk. because the fragility and survival time of the agent in the product is
limited. This is the case with leptospirosis agents (81) and rabies virus (9).

TABLE Xa

Probability of disease agent entry associated with the importation
of 500,000 kg of 400-day-eged boneless pork kam -cighi‘:; 7-9 kg,
prepared according 10 the Parma kam process

Disease risk Factors

Hog cholera (HC) Coumtry factor

(86 outbreaks during 1991 x 371 average herd size x 0.05 average
duration of infection in years)/26.850,250 swine population = 5.9 x 10~%
Commodity factor

HC virus inactivated in less than the 400-day aging process (77);
consider a very low value.e.g. 1 x 1078 B o
Number of snimnal J "td'- wmits (» AIUs)

500000 kg/7 kg minimum weight per ham x 2 hams per pig = 35.714 AlUs

of agent entry

1-(1- country factor x mmrnodn? factory* ATUs

=1-(1-[5:9% 1075 x 1 x 10F))3714 = 2.1 x 1078 (probability that at least
g‘le animal import unit of the importation s infected)

course, this very low risk on such a large annual importation applies

only to this specific product. High levels of HC virus have been found

in carcass muscle following intranasal inoculation (109). The viability
of HC virus for other ham products depends on the processing and hence
the commodity factor is based on the inactivation of the HC virus
through the us!nl processing of the product (13,62, 74, 100).
Thermal inactivation of HC virus occurs after 15 min at 69°C (58)

Country [actor

E;c;ptml level of occurrence correlated to a prevalence from Table 11
=3.UX

Coummodity factor
Consider usual processing as not a determinant influencing survival
ollﬂac parasite in the impoertation (103)

Number of snimal import wmits (» A1Us) = 35.714 AlUs
of agent

1 - (1 — country factor x commodity factor)* ATUs

=1-(1-[3.0x 1075 x 1.O]y5TH

= 1.1 x 1073 (probability that at least one AIU i ion i
nfeaied) of the importation is

Trickimellosi

Probability of domestic exposure

) The PDE represents the likelihood that the commaodity is exposed to animals or humans
in the importing country and that agent transmission. infection, disease, disease spread
and dtscasc detection occur. The scenarios for the exposure of a particular commodity
10 animaks and humans - and simultaneously the exposure of the agent to a portal of entry
for one or more spectes which are hosts of the disease - can be numerous. The modes
of transmission of the disease dictate the exposure possibilities with different commodities.



v

TABLE Xb

Probability of disease agent entry associated with the importation of 1,000 male and
Jemale breeding Holstein dairy cattle 16-24 months of age

Disease risk

Factors

Contagious bovime
plcuropacumonia

Bovime bruceBosis

Coustry [actor
(10 outbreaks during 1991 x 271 average herd size x 0.33 average

duration of infection in yearsy23.212,325 cattle population = 3.9 x 10°
Commodity factor

Consider age and breed of cattle as not influencing level of disease in the
importation

= 1.0 (representing apparently healthy incubatory carrier ammatls) (91)
Number of animal import wits (x AIUs)

1,000 AIU

of agent entry
1 — (1 - country factor x commodity factory* A%
=1-(1-{3.9x 1075 x 1.0])! *®
= 6.0 x 10-2 (probability that at least one animal import unit of the
importation is infected)
Country factor
Exoep(iomsl level of occurrence correlated to the prevalence from Table 11
=1.0x 10"

Commodity factor

Consider age and breed of cattle as not influcncing level of disease in the
importation

=10

Number of animssl import waits (s AlUs)

1.000 AIU

Probability of sgent entry

1 - (1- country factor x commodity factor) ATV*

= 1-(1-[1.0x 1073 x 1.0y 2%

= 1.0 x 1072 (probability that at least one AIU of the importation is
infected)

With the importation of animals. the PDE is considered absolute. and a value of 1.00
is used. The fact that certain animals are destined for zoos, laboratory facilities, urban
areas and destinations remote from other animal populations has to be considered.

The importation of milk. milk products, meat, meat products and other products
of cattle and swine involves the potential importation of disease agents. However, the
modes of disease transmission dictate the possibility (probability) of transmission
within the importing country. Tabie XI shows the OIE Lists A and B discases which can
be transmitted through the importation of cattle and swine and some related products.
Vehicle-borne transmission occurs only if a susceptible target species consumes an
infectious dose or a viable parasite in the infected commodity. Man is the most common
target species. as many of the products are imported for human consumption. The
discarding of meat scraps to swine for consumption places swine prominently as

a target species.

TasLE XI
Some import commodity groups and associated modes of disease transmission and target species

Jor the Office International des Epizooties Lists A and B diseases qffecting cattle and swine

Potential diseases transmitted

Mods of transmission

[ncilitated

Mods of entry

Scenarbo Torget bost

Commodity group

All Lists A and B diseases affecting cattle

FMD. bluetongue, leptospirosis

Dormestic animals, man Various Direct, vector-borne
Cattle Direct
FMD

Contact

Cattie

Reproductive

Contact

Bovine semen

Direct

Reproductive

Cattle

Contact

Bovine embryos

Beei

Vehicle-borne FMD

Gastro-intestinal
Gastro-intestinal

Swine

Scraps fed
Consumed
Scraps fed
Contact

Cysticercosis

Vehicle-borne

Man

Beel

Echinococcosis

Vehicle-borne
Direct

Gastro-intestinal

Various

Dog
Man

Beef

Leptospirosis, Q fever, rabies,

porcine brucellosis

Swine

All Lists A and B discases affecting swine

FMD, SVD, ASF, HC,

Direct, vector-borne

Vehicle-borne

Various

Swine and other animals

Swine

Contact

Swine

trichinellosis, porcine cysticercosis

Gastro-intestinal

Scraps led

Pork

Porcine cysticercosis, trichinellosis

e-borne

Vehicl

Gastro-intestinal
Gastro-intestinal

Man
Man

Consumed

Pork

Q fever, bruceilosis, tuberculosis

e-borne

Vehicl

Consumed

Fed

Milk and milk products
Milk and milk products

Cattle hides

FMD, Q fever, brucellosis, tuberculosis

Anthrax

e-borne

Vehic
Direc
Vehic

Gastro-intestinat

Skin

Swine
M

Contact

FMD, anthrax

e-bomne

Gastro-intestinal
Gastro-intestinal

Cattle and other animals

Viaman

Cattle hides

FMD., anthrax, BSE

e-borne

Vehic

Cattle, sheep, goats, swine

Fed directly

Animal feeds: cattle blood

and meat meals, horn
and hoof meals, (ats and oils

Cattle, sheep, goats, swine  Gastro-intestinal Vehicle-borne FMD

Fed ditectly

Milk replacers

BSE: bovine spongiform encephalopathy

HC: hog cholera

SVD: swine vesicular disease

ASF: African swine fever

FMD: foot and mouth disease
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For products, the diseases which are transmitted only by direct transmission
(comagious bovine pleuropneumonia. rinderpest. Rift Vailey fever. leptospirosis,
rabies) and only by vectors (bluctongue. heartwater. anaplasmosis. babesiosis) have
a PDE approaching zero. The vector-borne diseases can be introduced into an
importing country if the commodity is live cattle and if competent vectors exist at the
time of importation, or if the commodity is 3 product (e.g. fresh hides) infested with

living and infected ticks.

Echinococcosis. cysticercosis and trichinellosis may be transmitted via vehicle-borne
transmission in which humans and animals consume carcass meats and organs infected
with viable parasites. Live animals which are imported may be the source of these

agents after slaughter.

The many scenarios which exist within the importing country for the exposure
of a commodity and agents contained in the commodity must be elaborated for any risk
assessment. The existence of potentially multiple agents in any commodity adds to this
complexity. However, if the PAE is essentially zero for some diseases and the PDE is
zero for other discases. the complexity diminishes.

Using historical importation statistics

Multiple scenarios exist for the exposure of pork and the agent of trichinellosis
{0 both humans and swine. as well as wild fauna, through the importation of pork from
a country infected with swine trichinellosis. The exposure of viable Trichinella spiralis
parasites to man is related to customs and cultural practices of the importing country
with regard to the cooking of pork for human consumption. The frequency
of consumption of inadequalcly-cooked pork by the human population in general,

or by particular ethnic and cultural groups within a country, is often not known.

However. there may be historical information on the number of human cases
of trichinellosis associated with pork consumption. the quantity of carcass pork
imported from another country, and the approximate Jevel of trichinellosis infection in
the swine population of the exporting country. If no cases of human richinellosis were
observed over the past 10 years, during which time 20 million kg of frozen carcasses
and hali-carcasses of pork were imported annually from Country A, both the PDE and
the URE are minimal. This is determined by considering that 50 kg represents onc AlU
and that. therefore. over the 10 years approximately 4 million AlUs of the product were

imported. Of thesc. approximately 160,000 were infected with trichinellosis. based
prevalence

on Country A reporting an enzootic level of trichinellosis in swine and the
level to which this correlates from Table 11 (4 x 10~ 2). A mean frequency of exposure
can then be estimated, using the beta statistical distribution (83) with the following

parameters:
a‘=x+land az=n+l-x,
The mean of the above distribution is calculated as follows:

x+1

L)

The standard deviation is equal to:
—

1 i (x+l)(n+|—_()

o=n+2\l (n+3)

The “most likely ™ value for the above beta distribution is the so-called “mode” = xin

Therefore. if one wants to a i
3 pproximate the beta distributi i istributi
(83). the three parameters for the latter would be lasst l;olblllo}lwson by a riangular distsibution

ifxr>0 a=max(0.pu-30). b=xin andc=p+30

ifx=0 a= - -1+l
a=max(0, n 30),b-n—+2 andc=p +30.

In this example. where x = 0 and
. = n = 160,000, the beta distributi
‘o;cfn:ﬁ::t;: :;:: o{r (:.3 );l.l()‘:land a standard deviation of 6.3 x 10°¢ uSil::eI:Ian;anr:;:;:
of trichine osis is zero, the minimum ike i
pcabr:‘l.r;er:_crs for lhg tnangu!ar distribution are , 6.3 x 10~ 6 ;“n(:is lz.gie:%gndrespectm“lfnulm
conven ;:E r?c}:’e b::ns?:\i‘;:r mp|;t@il[|lto a cumulative distribution function ('&)) uﬂnl;:h);
tion o isk, we obtain a 99% probabili

of exposure and human infection is less than 2.3 x 10-3. 'r'his givg);;:at:e;thee:m:?f

the URE, although it is expresse ili
babiliy vale pressed as a probability of a frequency rather than a simple

Using information on animal and kuman population statistics and practices

The exposure of swine to viable Trichi irali i
e o [ouowi: " Trichinella spiralis parasites may involve a number

a) the discarding of uncooked meat scraps from households to swine

b) the consumpti i .
feran swine ption of uncooked pork at garbage disposal sites by either domestic or

c) the consumption of uncooked in swi . . .
feeding of hotel and restaurant food p'::em swine-rearing operations whick rcly on the

Some importing countries may have com i
! ] _ h plete compliance with ani
m ::i::kl:f cxldrzgn of swine from garbage dis':)osal sites, an:intlh"elal:e::';'t::h
sad adequate cook ns‘ c;‘ wasle in _garbagc-feeding swine herds. If this is the aseg
thse scenarios do nol have o be considered. n other countries.the contol of these
ki thaeyﬂﬂ:qnlcfl and the frequency of exposure of swine to uncooked pork
o thinelions derailod abowe. the momt sppropriste means of snswering this
! llosis de bove, ropriate means of i i
:;I'lnrougm.‘he:!:l;‘on:‘l importation information. One can cven consider s::ls;?:::a::‘(;:
om ather I porting countries wh|c!| have similar exposure ios and national
amimal th compliance levels, and similar customs and cultural practices. sons

For the scenarios involvin i
oS it g the feeding of meat scraps to swi probabili
:lbasedhe lmo]n the division of the total number of farms rl:spoﬂingl'tel;caprngc‘l l:} OOl_lld
dwu;ﬁnt:l;lt?c;ofhouseholds in the country, and multiplying this by the prop:nw‘;
of produ assum;c! y :(::Id be expe;led 1o feed household table scraps to swine. Here
present a household, alt i ! :
sumber of households which rear swine in any zo:::::;h this probably cxaggcraics the

The following provides an iltustrati i

[he ration of this methed, usin i

:ﬂ:;:is.h:’n Ca:ada there are 10,018.265 houscholds, of which 2:1;9,332;::33&21“";:
amu:en og A rural household is considered to be any houschold outsgi:: an

lhnmm“.on ozlpc;ca:;;: ?e({;))edn;s a continuous built-up region with a popuiation

m(lwl i C.an adaa Y a population density of greater than 400 per km?
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A total of 29.592 farms report owning one Of mofe pigs (1991 Census
of Agriculture, Statistics Canada). If each farm is considered 1o be a household. the
proportion of Canadian households which rear swine is 0.003. The upper limit of the
proportion of producers which would be expected to feed household table scraps
to swine could be taken as the proportion of the number of small swine producers to the
total number of swine producers. The agriculture census data for Canada indicate that
there are seven herd size groupings. of which the smallest is 1-77 swine. There are 14.907
farms in this group (1991 Census of Agriculture. Statistics Canada). As a proportion
of the total aumber of farms reporting the presence of swine, this represents 0.50.
Therefore. the PDE for this specific scenario in Canada is 0003x0.50=1.5x10"%.

For the other scenarios, the means of estimating the probabilities has to be
considered. [f the above probability estimate for the exposure scenarios through swine
appears reasonable, similar methods could be used. based on livestock and human
population census data. Obviously. these probability estimates of domestic exposure
will be different for each country. Different scenarios will exist. and livestock and
population census data will give different proportions.

MacDiarmid (72) presented a mathematical expression employed by the Australian
Bureau of Rural Resources in an assessment of the risk associated with the importation
of pork from countries infected with transmissible gastroenteritis (TGE) of pigs. In this
expression. the probability (T) of TGE being introduced is related to the probability (p)
that a piece of pork contains the virus and the number of occasions (n) that raw pork
is fed 10 pigs. The expression can be stated as follows:

T=1-(0-p)"
and for T <122500. T = pa.
Here. p =ivs and o = hmfl.
where:
— i is the probability that a pig was infected with TGE virus at the time of slaughter
_ v is the proportion of infected pork still containing infective virus when marketed
_ s is the proportion of imported pork among all the fresh pork sold
_ & is the number of small pig herds in Australia
_ mis the number of unprocessed pork meals eaten per year
- { is the proportion of pig farmers who feed scraps to pigs
— 1 is the proportion of occasions on which the scraps contain raw pork.
Therefore, T represents the URE.

Whether the estimation of the PDE ot URE is conducted through historical
importation statistics or using a computation based on animal and human population
statistics. the facts supporting the method must be fully documented. The use
of importation statistics in which there was no occurrence of disease represents fairly
concrete information on the safety of the importation, providing that sufficient data are
available. When these data are lacking or insufficient. other methods similar 10 the
above may be used to obtain the probabilities associaled with each scenario. In general.
only the most likely scenario is investigated in such a manner. If an unacceptable URE
is obtained. no other scenarios need to be elaborated. as the importation would be
rejected; however. if the most likely scenario gives rise to a low URE. ali scenarios for
that commodity/agent combination should be evaluated.

CONCLUSION

Semmary of steps for the risk assessment model
The steps used in the model may be summarised as follows:
a) For OIE List A diseases except bluetongue:

i) Obtain the most recent twelve months of statisti
from the OIE publications World Animai Health or Bullcz.on the number of outbreaks

i) Obtain the population statistics for the ¥ ¥ i
list particular species from World A
Zeallh. Compute the AHS by dividing the animal population b t:e n ’wl:cal
herds for the species concerned. Y Het

i) Obtain the ADI (in days) of the OIE List A diseases fi i
\ ) rom T 1
Transform the units of the ADI into years by dividing the number of daat;lsebyo;t);l‘ls paper
iv) Obtain the calculated prevalence using expression 3 above.
b) For OIE List B diseases and for bluetongue:
i) Obtain the status of the disease (exceptional, low o '
: , sporadic, enzootic or high}) i
lc'\lr:I occurrence column of Wor(d Animal Health. Depending on the oulcoﬁe lgf t)i::
uation of the Veterinary Services, assign cither the exceptional, low sporadic, enzootic
or high level of occurrence to the following three disease oocurrence designations:
- suspected but not confirmed
- serological evidence and/or isolation of causative agent: no clinical disease
- disease exists: distribution and occurrence unknown.

ii) Obtain from Table 11 of this pa isease
" n per the upper prevalence E
occurrence obtained in b) i) above, i.e. the asignedp‘;:refaleno:. value forthed

¢) Depending on the disease risk, employ cither
¢ , th
assigned prevalence as the CF1 in cxpresipon)é above. ¢ caculated prevatence or the

d) Be aware of any recent changes i i
L ges in the disease status of th i
by referring to the weekly OIE publication Disease Information. ¢ cxporfing country

¢) Determine the CF2 relating to the i i
; ) properties of the commodity. Wh
:g;ﬁ:;tgyof alproziucl e‘l(l;_:’c‘;wcly eliminates the disease agent. an exl):emel‘;r:n::lel
ity value (e.g. can be employed. W is h i
 vobabiling value of 10 can be cmployed. ploye here there is little influence,

Document, with lit i i
coptoyed or thcl iterature references. the determinants considered and the value

/) State the number of AlUs, based on the description of the importation.
Document, for product importations, the basis of the selection of a weight equivalency.

3, Con'Ipule the PAE (CXPI'CSSIOII 2) on the t P ies, CF1 and CF2.
P. based e two probabiliti 1 d

aad the number of AIUs. This €SS10N gr y
T express gves the pr obability that at least one AIU

u:wm:;(_ermine the PDE, based on the epidemiology of the discase. the nature of the
o ;lrylr;jtgsl::le\lfant hl_nman and animal demographics and population statistics

lon ral practices. animal health legisiation and i i
statistics on the quantity of historical importation %vithout disl&:,asce‘.)mph:mce levels. and
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i) Calculate the URE (expression 1 above).

J) Evaluate the consequences (economic. social, political. environmental) associated
with the importation.

k) Present both the URE(s) and the associated consequences o the decision-maker.

Note: A multiple species disease may exist and be reported in another species. In this
situation, an assessment of the Veterinary Services and the surveillance and animal
health monitoring programmes may satisfy the imporling country that the absence
of the disease in the species of concern is a facl rather than a reporting deficiency.

Present and future models

The risk assessment model uses the available animal health and discase statistics
to assess the risks associated with the importation of a specific quantity of animals
or animal products. The correlation of the nominal level of discase occurrence reported
for List B diseases and bluetongue may not be valid at present. Detailed guidelines do
not exist for the reporting of the level of occurrence of these discases. and until such
guidelines become available this will remain a major deficiency of the model.

For the reporting of List A discases. the definition of ~outbreak of disease™ for the
OIE reporting system indicates that more than one herd could be involved in a single
outhreak. This risk assessment model uses the definition of “herd outbreak™. which is
more uselul. as it portrays the extent of the disease. The present reporting system
definition is useful epidemiologically. This difference in definitions represents another
deficiency of the model.

Although this model uses prevalence of infection in the entire population of the
exporting country (based on the statistics of the OIE reporting system). it is envisaged that
prevalence of infection in herds and regions of a country may be future statistics of the
reporting svstem and a model appeopriate for these data would therefore be required. The
present model bencfits an exporting country which has almost cradicated a discasc. That s,
it assesses the risk of importation based on the prevalence rather than just the presence
of the disease. In future models based on the prevalence of infection in herds. this same
exporting country would be in a much better standing for the export of commodities.
Disease does localize in herds and in regions, and it is somewhat unfair to imply that the
population at risk is that of the entire country. Nonetheless. the model has 10 use whatever
data are available and. more importantly. provide security for the importing country.

This risk assessment permits the decision-making aspect of risk management
to proceed. Foremost, the risk assessment documents the basis for a decision and
provides for a scientific exchange between regulatory officers of both the importing
and exporting countries.

Point estimates are obtained with this risk assessment model. An importing country
may wish to conduct a sensitivity analysis on the computation of the URE. This may
involve utilizing a range of CF1 and CF2 values as well as arange of variables in the
estimation of the PDE.

1D

MODELE D’EVALUATION DES RISQUES DE MALADIE LIES A L'IMPORTATION
D’ANIMAUX ET DE PRODUITS D'ORIGINE ANIMALE. - RS. Morley.

Résumé : L'auteur présente une modél hématique simple destiné  évaluer
les risques de maladie liés  'imporiation d’ x et de produits d’origi
animale. Ce modéle repose sur les s de sanié animale c iqué

par les Pays Membies de 1'Office interational des épizooties (OIE), et ft;umil
une r_nahode structurée permettani d'exploiter les informations disponibles sur
une importation donnée. Le modéle peut intégrer toutes sortes de paramétres,
quel qu’en soit le nombre. @ savoir la situation zoo-sanitaire du pays
exportateur. les animauex ou produits d'orig imal gés, les propriétés
del agen! pathogéne et I'épidémiologie de la maladie. Tous les risques de
maledie peuvent étre pris en considération. Ce modéle est illustré par des
exemples d'importation de bovins, porcins et produits dérivés.

MOT_S-CLES : Evaluation des risques - Importation d’animaux - Maladies
des Listes A et B de 'OIE - Modéle - Prévalence.

*

s &

MODELQ DE EVALUACION DE RIESGOS ZOOSANITARIOS ASOCIADOS A LA
IMPORTACION DE ANIMALES Y DE PRODUCTOS PECUARIOS. - R.S. Morley.

Resumen: El autor presenia un modelo matemdtico simple. destinado a evaluar
los riesgos de enfermedad asociados a la importacién de animales o de
pmduqos pecuarios. Este modelo se basa ent las estadisticas de sanidad animal
comunicadas por los Paises miernbros de la Oficina internacional de epizootias
{ QIE by ofrece un método estructurado. que permite explotar las informaciones
disponibles acerca de una importacion determinada. El modelo puede integrar
cualquier cantidad de pardmetros, come los relacionados con la situacion
Zoosanitaria del pais exportador, los animales o productos pecuarios objeto del
intercambio, las propiedades del agente paisgeno y la epidemiologia de la
enfermedad. Todos los riesgos de enfermedad pueden tenerse en cuenia. Se
ofre_ctn ejemplos ilustrativos de este modelo, aplicados a la importacién de
bovinos, porcinos ¥ productos derivados.

PALAB_I‘IAS CLAVE: Enfermedades de las Listas A y B de la OIE -
Evaluacion de riesgos — Importacién de animales — Modelo — Prevalencia.

*
* #
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Appendix
ANIMAL HEALTH STATUS AND DISEASE CONTROL METHODS
’ : 1 Year 1997
COUNTRY: Countrs A Liv " of berds car
Boviae 2212328 85650
Ovise 5500300 22150
Cagr 83450 9175
E;" 105680 70190
Swime 16350230 72378
Avae 115326500 83975
Hare/rabbies (s farm) 343238 10818
Frsh (i farms) - .
Camel - .
Bees {apianes) 883650 15670
EMZOOTIOLOGY DISEASE CONTROL
DISEASES SPE NUMBER OF NUMBER OF ANDIALS [Notrsi
INOLELISTSA AND B o CONTROL s [ ~
Coms | Desths | MEASURES ered | sl ‘resied
LIST A DISEASES.
“catagions bov plcaropacemon (¢ 1 10 w| 2 *MQS 1000
:Inybnh: . » 90 750 |*Pw0S 500
LIST B DISEASES
Astheas bov | (0] S al al-mospv| ol 120 0
) L]
- -
Awpecrky’s dsease hov | 0000 .
i s | () n 90 | S0 {*PaQS 1345
Echamomcooss/Arydatidosts bon: )
L] {+)
Hearreser 0o ?l N
Lepsospeross: how - ™~
. 4: TV
Qlever . L
Rakwes bov (+) 213 | 1213 | reQV
s {+} N 15 | *PaQN Y
bov . Pary
Screwworms (C. homeanvorar) L1 o
% [*reQS 2145
& ) 3 3 b 2
wnm wn o
Bovine brucefiosts (B shorms) +) ? 58 0| PQSey | us|&™ 0
Bov. geaital campricbacterioss - T~
Boviee - TR s ef-mQse |10 o 0
Crsticeroosss (€. bovey) (+) 16 k- o |*PGisy
W -
Exootic bovise lewboss 1 ™
Hacsmcurhagic septicacmsa - v
taf bow chimotrackert (IBRAPY') ey n
Theileross oo
Trichramossasss - Tre
Trypascsomiasis o
Borme malyptast catarh - .
Bov spongdorm encephalopathry anoo
Al  rhastis of sewme - (A2
Crsticercosis (C. cefhalonee} - :e
Porone bractlicss (B ses) onm 0(
Transmissible gastrocstents B . " ?: ®

#3SE3R3TENS !8!E§3,i.i

CODES

i

bees

avian

bovine

baffale

canine

caprine

camel

equine

wild fauna {vertebrates)
fetine

hare/rabbit

ovine

fur-bearing animals (in farms)
fish

swine

canine/feline
ovinelcaprine

other

Disease ocomrence

8

Never reported

Not reported

Year of last occurrence

Suspecied but not confirmed

Exceptional accurrence

Low sporadic occurrence

Enzootic

High occurrence

Serological evidence and/or isolation of causative agent. no ctinical discase
Disease exists; distribution and acrurrence unknown
Confined to certain regions

Ubsquitous

Reoognised in coumtry for the first time

Only in imported animals (quarantine)

No information avaitable

Disease contrel

Ca

<CIRALIQQOFIVD

h.d
-

Controt of non-vertebrate vectors

Control of wildlife reservoirs

Prohibition of import from infected countrics

Control programme for only some areas of the country or certain types of breeding
Control programme for the whole country

Quarantine. movement control and other precautions at frontier and inside the country
Quarantine and other precantions at frontier

Quarantine measures and movement control inside the country

Stamping-out polcy

Modified stamping-out policy

Treatment

Testing

Voluntary testing

Vaccination

Vaccination prohibited

Notifiable disease
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Risk analysis and the importation of animals
and animal products

S.C. MacDIARMID *

Summary: Importation of animals or animal products cannot take place
without some element of risk. Risk analysis is a blend of art and science and is a
tool intended to provide decision-makers with ar objective, repeatable and
defensible assessment of the risks posed by a particular import proposal. Risk
analysis comprises risk identification, risk assessment, risk management and
risk co ication. Examples are pr d of risk analysis involving anthrax
in green hides, slow virus diseases and sheep embryos, and Office Iniernational
des Epizooties List A diseases and embryos. The author proposes that, by
sharing methodologies, quarantine services should be able to harmonise
approaches io the problem of risk analysis.

KEYWORDS: Anthrax - Embryo transfer — List A diseases - Maedi-visna —
Quarantine - Risk analysis - Risk assessment - Scrapie.

INTRODUCTION

Risk analysis is a tool intended to provide decision-makers with an objective.
tepeatable and defensible assessment of the risks posed by a particular import proposal.
The process of risk analysis can be made transparent so thal interested parties in the
mporting country or authoritics in the exporting country can. if required, be provided
with the documented basis on which the proposal is accepted or declined.

When analysing the risks associated with a proposed importation of animals or
animal products, it must be remembered that such imports cannot be made without
some element of risk. The benefits of the imports often accrue to only a relatively small
group of people, usually the entrepreneurs, initial importers and distributors of the new
genetic material (1). The risks, on the other hand, are borne by a much broader group
which includes all livestock owners whose animals could be infected with an exotic
discase agent as well as the general public, who may be expected to bear the cost of
containing and eradicating an outbreak of exotic disease. For these reasons, a risk
analysis may include a cost/benefit analysis of the proposed importation. The policy of
the New Zealand Ministry of Agriculture is that every citizen has the right to import
waless the risk 10 agricultural security precludes importation. Such a policy presupposes
that the quarantine service is charged with making judgements about the risks, and
thercfore the costs which may be imposed on the agricultural community, but does not
st in judgement on what are commercial decisions.

* Mimistry of Agriculturc and Fisherics, P.O. Box 2526, Wellingion, New Zealand.



